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ABSTRACT 

We report on R c and K band observations of the optical counterpart to GRB 970508 
with the Fred Lawrence Whipple Observatory (FLWO) 1.2m telescope. Eleven R c -band 
observations were obtained on 1997 May 12, and three on May 14. The counterpart 
clearly faded between the two nights. On May 12 there was no evidence for variability 
(< 9%) on 10-70 minute time scales based on 11 R c -band observations. On May 19 
a one hour observation set a limit on the K magnitude of K >18.2. Comparison of 
these data points with those obtained by other authors shows that the decay of the 
optical counterpart can be well fitted by a power law of the form / ~ t~ a where a = 
1.22 ± 0.03 with occasional fluctuations superposed. We note that the decay of the 
optical counterpart to another burst, GRB 970228, can also be well fitted with a power 
law with exponent a = LOi^i with occasional fluctuations superposed. These two decay 
light curves are remarkably similar in form to that predicted by cosmic-fireball models. 
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1. Introduction 

Since their discovery nearly 30 years ago (Klebesabel 
Strong and Olson 1973), the nature of gamma-ray 
bursts (GRBs) has been one of the outstanding prob- 
lems in astrophysics. Bursts with fluxes sufficient to 
be detected by CGRO/BATSE are detected approxi- 
mately once per day, and these bursts are isotropically 
distributed on the sky ( Mccgan ct al. 1992 ). The 
observed fluxes of GRBs indicate that this isotropic 
distribution is also limited in extent, a fact which has 
been used to argue that GRB s are at cosmological 
distances (Meegan et al. 1992). However, due to the 
previous lack of counterparts at other wavelengths, 
the distances to GRBs have been uncertain by ~ 5 
orders of magnitude, leading to ~ 10 orders of mag- 
nitude uncertainty in their luminosity. Progress in 
understanding GRBs has been hampered by this un- 
certainty. 

The precise locations determined with the Wide 
Field Camera (WFC) on board the recently launched 
Italian-Dutch BeppoSAX observatory have allowed 
the discovery of the first optical counterparts to GRBs, 
for GRB 970228 ( proof et al. 1997b|, |Van Paradijs et 
d. 1997|), GRB 97050 8 ( |Bond 1997| ), GRB 971214 
QHalpcrn et al. 1997]), and GRB 980326 (proot 



3t al. 1998). Three of these appear to be at cos- 



mological distances: GRB 970228 and GRB 980326 
are surrounded by nebulosity that is most likely a 
galax y ( Van Paradijs et al. 1997 , Grossan et al. 
1998|) , and GRB 970508 shows optical ab sorption 
lines at rcdshifts of z — 0.767 and z = 0.835 ( Metzger 



t al. 1997 ). The light curves of the optical counter- 



parts to GRBs give hints as to the underlying physics 
of the GRB. We report below a modest set of optical 
and IR photometric observations of the optical coun- 
terpart to GRB 970508. 

2. Observations 

Discovery of the optical counterpart to GRB 970508 
was first announced by Bond (1997) shortly after Bep- 
poSAX WFC observations yielded an arcmin ute lo- 
cation for a n X-ray afterglow to the GRB ( Costa 
1997 ). The counterpart rose t o a maximum 



it al. 



R c = 19.70 ± 0.03 on May 10.77 UT (|Sokolov et al 



1997 ), after which it faded. Our Cousins R band (R c ) 
observations on May 12.2 UT and 14.2 UT were made 
during the decay phase, approximately 3.3 and 5.3 
days after the detection of the GRB. The results in 
this paper supersede that reported for the May 12 



data in IAUC 6661. 

The observations were made with the FLWO 1.2m 
telescope at Mt. Hopkins, AZ. We utilized a 2048 x 
2048 pixel CCD camera with 0'.'32 pixels and a stan- 
dard R c -band filter (the "Andy-Cam"). On May 12 
conditions were not photometric and the seeing var- 
ied from 2" to 3"; on May 14 conditions were better 
but still not photometric. 

A journal of the observations and magnitudes is 
shown in Table 1. After bias subtracting and flat- 
fielding, the magnitudes were derived with DAOPHOT. 
Because conditions were not photometric, we have set 
our magnitude scale such that the nightly mean mag- 
nitude measured for the star 13" N and 4" W of the 
GRB counterpart (star A in Table 1) is R c = 19.49, 
as was determined by Sokolov et al. (1997). The fluc- 
tuations in the magnitude of star A as measured in 
each individual exposure reflect both statistical vari- 
ations and variable observing conditions. Included in 
Table 1 are the magnitudes of a star with magnitude 
similar to the GRB, but presumed to be non- variable 
(star B in Table 1, 67" N and 63" W of the GRB 
counterpart). Exposure times were 5 minutes for the 
first 12 images, and were 20 minutes for the last two 
images. Dates are heliocentric Julian Day at mid- 
exposure. The mean and standard deviation (a) for 
each night have been computed directly from the tab- 
ulated magnitudes. 

The average magnitudes and mid-exposure times 
are R c = 20.23 ± 0.02 and R c = 21.03 ± 0.07, 
on JD2450580.703 and JD2450582.667, respectively. 
These quoted errors are = a/y^N), and represent 
the statistical (internal) errors only. 

On May 19.2 UT, approximately 10.3 days af- 
ter the GRB detection, we observed the field of 
GRB 970508 for approximately 1 hour (from HJD 
=2450587.7349 to 2450587.7673) with the FLWO 1.2m 
telescope and the Smithsonian Astrophysical Obser- 
vatory infrared camera STELIRCAM. The camera 
uses an InSb detector array, and the bandpass was 
set with a Barr Associates K filter. A total of 45 im- 
ages, each exposed for 60 seconds, were taken in a 3x3 
grid and then shifted and co-added using standard IR 
observing techniques. Conditions were once again not 
photometric, and our magnitude scale has been set by 
star A, for which K = 16.95 (phary 1997]). 



At the location of the GRB counterpart we find 
a la positive deviation of 28 detected electrons, cor- 
responding to K = 19.7. This does not constitute a 
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detection, so we quote a 4cr upper limit of K > 18.2 
for the GRB counterpart. This corresponds to a flux 
at 2.2/i of < 35/iJy QWamstcker 1981|, |Zombeck 1997[). 



3. Discussion 

The rms variations evident in the May 12 data for 
GRB 970508 are 6%, and for the nearby stars A and 
B are 7% and 9%, respectively. The difference in the 
observed rms variations is unlikely to be due to any 
intrinsic differences in the objects, but is more likely 
a statistical fluctuation due to the modest number 
of data points (11). We therefore set a conservative 
upper limit to any variation in the GRB counterpart 
on time scales between 10 and 70 minutes of < 9%. 

The apparent cosmological distance to GRB 970508 
lends credence to the fireball models for gamma-ray 
bursts (Goodman 1986, Cavallo and Roes 1978, Rccs 
md Meszaros 1992). In these models the blast wave 
accelerates outwards with high Lorentz factor. The 
optical luminosity comes from the interaction of the 
blast wave with the surrounding interstellar medium 



(Meszaros, Rees, and Wijers 1997, Vietri 1997, Sari 
Piran, & Narayan 1997). The GRB was detected on 



May 8.904 ( posta et al. 1997j ) so that by May 12 the 
predicted size of the blast wave was ~ 3 light-days. 
Thus the fireball model is consistent with our ob- 
served lack of short time scale variability on May 12. 

Some authors have indicated that the optical de- 
cay of GRB 9 70508 flSokolov et al 1997] ), and also of 
GRB 970228 ( palama et al. 1997| ), was not well de- 
scribed by a single power-law decay. In order to test 



this possibility, we have fir. power-law decay models, 
/ = a*t a , to the flux densities derived from rhc mag- 
nitudes in this paper and reported in the literature. 
For GRB 970508 we use the magnitudes reported by 
Sokolov et al. (1997, 1998), which incl ude measure- 
ments from the 6m SA O RAS, Keck ( iMetzger, Co 



icn and Chaffee 1997 ), and Palomar ( Djorgovski et 



al. 1997 ) observatories, transformed to a common R 
bandpass. To these we added R c and R measurements 
from the NOT ( |Pedersen et al. 1998| ), the WIYN 
WHT, CAHA, and Loiano Observatories (Galama 
t al. 1998j, |Castro-Tirado et al . 1998a|, |Schac- 



:er et al. 1997] |Castro-Tirado et al. 1998b|) from 
Hautc -Provcncc (|Chcvalicr and Ilovaisky 1997 ) and 



HST (Fruchter, Bergeron and Pian 1997), corrected 
(when necessary) to the zero point determined by 
Sokolov et al. (1998). The magnitudes of Castro- 
Tirado et al. (1998a) have been corrected to the scale 



of Sokolov et al. (1998) by subtracting 0.2 magni- 
tudes ( Gorosabel, 1998] ). These magnitudes are listed 
in Table 2. The corresponding fluxes ( |Allen 19*73 ) are 
shown in Figure 1. The fits do not include the data 
during the rise of the optical transient (ie, prior to the 
maximum on May 10.77), nor after the host galaxy 
clearly contributes significantly (after Aug 27). The 
best fit a — 1.19, but the formal \ 2 = 85 for 43 de- 
grees of freedom. Clearly a single power-law (alone) 
is not an adequate description of the decay. 

Motivated by the comments of Fruchter et al. 1997, 
we then excluded all points lying more than 2.5er away 
from the fit (see Table 2). The remaining 37 points 
are well fit (x 2 = 48) by a single power law with 
a = 1.19 ± 0.02 (68% limits, 90% limits are ±0.03). 
We note that the slope we find is 2.2tr and 0.9c dif- 
ferent from those found by Sokolov et al. (1998) and 
Galama et al. (1998) (respectively), perhaps due to 
slightly differing data sets. The outliers are from data 
sets that otherwise appear to fit the curve, which ar- 
gues that they are not caused by calibration differ- 
ences, but are instead real fluctuations in the decay 
lightcurve. This also argues that any difference be- 
tween R and R c magnitudes is smaller than the typi- 
cal error bar. Galama et al. (1998) measure the mag- 
nitude of these fluctuations to be ~ 15%, consistent 
with our findings. 

The last two data points included in these fits 
(from Aug 14.18 and Aug 26.99) are both > 3<r 
above the power-law fit, indicating that the under- 
lying galaxy may be contributing significantly to the 
detected flux. Recent observations at KECK (Bloom 
et al. 1998| ) a nd WHT (pastro-Tirado et al. 1998b[ ) 
and the SAO (Zharikov et al. 1998) confirm the exis- 



tence of a steady component. A power-law plus con- 
stant source fit to the data in Table 2 (excluding the 
same outliers) finds a decay slope a — 1.22 ±0.03 and 
a constant source with with R c = 25.6 ± 0.3. This 
is consistent with the magnitude found by Zharikov 
et al. (1998). 

We then repeated the same procedure with the 
data for GRB 970228 from Galama et al. (1997) and 
Fruchter et al. (1997). Reducing this data to a com- 
mon set of R c magnitudes for the GRB optical coun- 
terpart is complicated by the surrounding nebulosity. 
The most recent HST measurement of this nebulos- 
ity finds V = 25.6 ± 0.25 (Fruchter et al. 1997), so 
we have corrected the ground based magnitudes for 
this refined estimate of the nebular contribution. We 
have assumed that the color of the nebulosity does not 
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change, and therefore the V — R = 0.35 reported by 
Galama et al. (1997) indicates R neb = 25.25 ± 0.25. 
The measurement of Guarnieri et al. (1997) took 
place in poor seeing, and therefore needs an addi- 
tional correction due to contamination by a nearby 



latct type star with H = 22 A ±U. 3. (We note that this 
measurement took place on _beb 28.83, not .teb 28.76 
as reported in Galama et al. 1997.) The most re- 
cent HST measurement of the optical counterpart 
finds V = 28.0 ± 0.25. We followed the method of 
Galama et al. in order to convert this V mag to the 
R c band. Because the GRB 970228 optical transient 
became redder during the decay, we assumed a value 
of V— R = 1.0, redder by 0.1 than the proceeding HST 
points, and we included the suggested 0.1 m ag uncer- 
tainty in the conversion flGalama et al. 1997 ) . For the 
purposes of computing x 2 > we treated the upper limit 
from Mar 04.86 as a detection one magnitude below 
the limit, with a one magnitude error. The fluxes and 
errors from the literature are listed in Table § 

A power law fit to all 11 data points gives a = 1.04, 
but the resulting x 2 = 19.4 shows that this fit is an 
unacceptable description of the data. Removing the 
outlier (s) from the fit does produce an acceptable % 2 , 
but unlike GRB 970508, the results of the fits are de- 
pendent upon which outlier(s) are removed from the 
fit. For example, Fruchter et al. (1997) note that 
the points at Mar 04.86 and Mar 06.32 lie below the 
fit, and excluding them produces an acceptable power 
law fit. Our results agree, in that merely removing the 



poiht trom Mar 06.32 produces an acceptable ht with 
,2 mn ™a - - 1.081^2 errors). 



X" = 10.0, and yields a 
The point which suffers most from contamination by 
surrounding light is that reported by Guarnieri et al. 
(1997), but it appears to be consistent with this fit. 
Removing this point as well results in an insignifi- 



cant reduction in the scatter Lu x = s -l (9 points) 



and 



yields a = t±t±£^ (90%). The single point 

which has the largest effect on the scatter is that from 
Feb-3& 



99, and removing it alone givoo a x = 5.05 (10 



poi hto) and yioldo a = 0.75I^i (00%). 

We conclude that the decay of GRB 970228, like 
that of GRB 970508, can be well described by a single 
power-law, with superposed fluctuations. However, 
perhaps because of the smaller numbers of points in- 
volved, the slope of the decay is not as well deter- 
mined, and we conservatively estimate a = I.O^q' 2 
(90%). Alternatively, one may choose to describe the 
decay as two separate power-laws with different slopes 
(Masetti et al. 1997). We note that the slope we find 



is consistent with that found by Masetti et al. (for 
the long term trend) and Fruchter et al. (1997). 

The spectral slope of the GRB 970508 decay has 
been measured in the opt ical (4000A- 6000A) to be 
approximately F v ~ v~ x (Mctzgcr ct al. 1997, Djor 



govski ct al. 1997), as predicted in the fireball mod- 



els (Meszaros and Rees 1997). Interpolating between 
the measured R c fluxes to the time of our K mea- 
surement, this spectral slope predicts a flux at 2.2/i 
of 16/iJy, well below our measured upper limit of 
< 35/iJy. 

In its simplest form, the impulsive cosmological 
fireball model (eg, Meszaros and Rees 1997) predicts a 
single power-law decay. Given that the light curves of 
these two GRB optical counterparts have been mea- 
sured for > 100 days, it is remarkable that, with the 
exception of a few fluctuations, they can both be fit- 
ted with a single power law of slope a = 1.2. In the 
context of the cosmic fireball models, these fluctua- 
tions could be due to inhomogeneities in the swept- 
up interstellar medium, or sporadic additional energy 
input into the shock front. Given the sail number 
of GRB lightcurve measured, we feel it is too early 
to know whether the power law slope of a — 1.2 is 
a generic feature of GRB all optical counterparts, or 
merely particular to these two. If it is a generic fea- 
ture, then it would argue against a beamed fireball, 
because beaming produces a wide variety of power- 
law decay slopes depending upon the degree and di- 



1997) 



rection of the beaming (Meszaros, Rees, and Wijers 



It therefore may be appropriate to consider spher- 
ically symmetric models for the GRB afterglow. In 
these models the power law decay slope is an in- 
dication of either the run of density with radius of 



the swept up medium (Meszaros, Rees, and Wijers 



1997, Vietri 1997), or of the shape of the electron en- 



ergy distribution (Sari, Piran, & Narayan 1997) 



In the spherically symmetric models of Meszaros 



Rees, and Wijers 1997, the density of the swept up 



medium (p) as a function or radius (r) is parameter- 
ized as p ~ r~ n , and the exponent n can be written 
as a function of the decay slope and spectral index. If 
the afterglow is radiative, the decay slope of a — 1.2 
and the spectral index F v ~ v^ 1 (as measured in 
GRB 970508, [Metzger et al. 1997|) imply p ~ r~ 2 ' 7 
( Meszaros, Rees, and Wijers 1997 , Eq 5). However, 
the fireball is expected to quickly become adiabatic. 
Under the expected conditions of an adiabatic fireball 
and weak coupling between the electrons and protons 
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(Meszaros, Rees, and Wijers 1997, Eq 8), it is difficult 
to produce decay slopes of a = 1.2 with density gradi- 
ents that might be expected in the ISM. Typical ISM 
density gradients would produce slopes of a = 1.0, or 
slopes steeper than a — 1.5, in the spherically sym- 
metric case. 



The models of Sari, Piran, & Narayan 1997 as- 
sume a spherically symmetric fireball sweeping up an 
ISM of uniform density, but include the effects of 
a power law distribution of electron Lorentz factors 
7e ~ le P dle- These models can reproduce the ob- 
served decay slope of a = 1.2 for p = 2.6, assuming 
that the optical frequencies correspond to the 'low 
frequency' regime, and assuming that our measure- 
ments occur at time t such that t m < t < t c . The 
power law decay should change slope at these criti- 
cal times, and the fact that no change is seen implies 
that t c > 100 days. We note that the X-r ay decay of 



so me GR Bs may be steeper than a = 1.2 ( Yoshida et 



In the context of the model of 3ari, Piran 



al. 

& Narayan 1997 , this could indicate that the X-rays 
are in the 'high frequency' regime, while the optical 
decay is indicative of the 'low frequency' regime. 

We note that AXAF, working in conjunction with 
satellites designed to discover GRBs, may be able to 
provide ~ 1" positions for GRB counterparts, and 
also measure both the X-ray spectrum and decay 
slope to higher accuracy than has previously been 
possible. This should facilitate the search for addi- 
tional optical and radio counterparts, and should al- 
low careful testing of models for GRB afterglows. 

We are grateful to the CfA Telescope TAC for help- 
ing to arrange these GRB observations in an efficient 
and expedient manner, to the anonymous referee for 
providing several very helpful suggestions, and to P. 
Meszaros and R. Sari for enlightening discussions. 



TABLE 1: Journal of FLWO 1.2m CCD Observations 



Julian Day GRB B 



A 



(May 12.2 UT) 



2450580.6764 


20.18 


20.08 


19.44 


2450580.6805 


20.30 


20.27 


19.48 


2450580.6851 


20.34 


20.30 


19.43 


2450580.6953 


20.27 


20.20 


19.43 


2450580.6993 


20.23 


20.05 


19.57 


2450580.7032 


20.17 


20.15 


19.57 


2450580.7070 


20.12 


20.28 


19.45 


2450580.7109 


20.22 


20.16 


19.46 


2450580.7148 


20.23 


20.13 


19.59 


2450580.7198 


20.23 


20.30 


19.41 


2450580.7237 


20.25 


20.12 


19.56 


mean 


20.23 


20.18 


19.49 


a 


00.06 


00.09 


00.07 


(May 14.2 UT) 


2450582.6515 


21.16 


20.28 


19.53 


2450582.6655 


20.98 


20.41 


19.48 


2450582.6827 


20.94 


20.34 


19.48 


mean 


21.03 


20.34 


19.49 


a 


00.12 


00.07 


00.03 
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TABLE 2: 



Rc, R Magnitudes for GRB 970508 



TABLE 2 - Continued 



uate i j 


Magnitude 


Observatory 


1 V ( I 


May y.iZo 


01 on -U n 1 a 

Zi.ZU zt U. i 




1 


A/Tott- 1 c\k 

May y.iyo 


01 nQ -LH Ka 
Zi.Uo zt U. iO 


r/UU 


Q 


A/Toir o on 

May y.zu 


01 ok -U n n^ a 
Zi .ZO zt u.uo 


VV 1 1 IN 


A 

4 


A/Tott- IK 

ivieiy y. / o 


01 i o ~u n o^ a 
Zi.iy zt u.zo 







A/Toir QK 

May y.oo 


01 1 Q -U n 1 Q a 
Zi .io zt U. io 




K 



A/Tott- Q 800 

May y.oyy 


on 7 -i- n 1 a 

ZU. i zt u.x 


V . \ I 1 . \ 


1 


A/TOTT OQ 

May y.yo 


on -U n c\K a 
ZU.oo zt u.uo 


VVxli 


4 


A/Tott- 1 o HQ 

May iu.Uo 


on aa -U n n^ a 
ZU.40 zt u.uo 


VVxli 


4 


A/friTT 1 n 1 AO 

May 1U.14Z 


on no -U n no a 
zu.uy zt u.uz 


VV 1 1 IN 


0,0 


A/TOTT in 1 7G 

May iu. i / o 


i o no. _i_ n no a 
iy.yo zt u.uy 


r ZUU 


Q 


A/Tqtt- i n 77 

May iu. / / 


i o 7n -i- n n^ 
iy. < u zt u.uo 




K 



May iu.oou 


i q p. _i_ n 1 
iy .o zt u. i 


T DTiwn 


1 

i 


A/Tott- 1 £70 

May iu.o / z 


i q p. _i_ n o 
iy.u zt u.z 


V . \ I 1 . \ 


1 


A/TOTT 1 n OQ 

ivieiy iu.yo 


1 o qo -U n nQ 
iy.ou zt u.uo 


q a n 





A/Tott- 1 o OC 

May iu.yo 


1 o oo -U n np; 
iy.yz zt u.uo 


VVril 


4 


A/Tmr 11 m 

May ii.Ui 


1 O 77 J- n 07b 

iy. (i zt u.u / 


VVril 


A 

4 


iviay ii.i44 


1 -U n 1 
iy .y zt u. i 


VVrli 


1 

1 


A/Tcnr 111 OQ 

iviay ii.iyo 


1 £>7 -U n 1 n 
iy.o < zt u. iu 


pen 
rDU 


Q 


A/ToTr 1 1 7f\ 

iviay xx. id 


on m-i-H n^ 

ZU.iU zt U.Uo 







iviay ii.oDo 


on i n 1 

ZU.Z zt U.i 


PAHA 


1 


A/Tott- 1 HQ 

iviay iz.uo 


on 9n -I- 07^ 
ZU.oU zt U.U / 


VV 111 


1 

4 


A/ToTr lO 1QC 

iviay iz.ioo 


on of\ -\- n^ 

ZU.ZO zt U.Uo 


VV 1 1 IN 


0,0 


iviay iz.ioy 


on Q-i-n 1 

ZU.O zt U. i 


PAHA 


1 

i 


Af QT7 i OOQ 

iviay iz.zuo 


on ok -U n no 
ZU.ZO zt u.uz 




■7 


A/TOTT 10 1 0^ 

iviay iz.iyo 


on o£> xn 10 

ZU.Zo zt U. iZ 


rDU 


Q 


A/Tott- 1 S7 

iviay i z . o / 


on -\- c\k 
ZU.Uo zt u.uo 


OAfl 





A/Tqtt- 1Q 1 7Q 

iviay io. i / y 


on kc\ -i- 1 k 

ZU.OU zt U. iO 


r ZUU 


^ 

z,^ 


iviay io.oou 


on q -U n 1^ 

ZU.O zt U. i 


T OTA MO 


1 
1 


A/Tmr 1 Q CO 

iviay lo.oo 


01 no j- n n7t> 

zi.uy zt u.u ( 


SAU 


K 



A/Tmr 1/11 CV7 

iviay i4. io / 


01 c\k j_ n n7 
Zi.Uo zt U.U / 


wu 


( 


A/Toir i a /inn 
iviay i4.4UU 


on i n 
zu.y zt U.Z 


Haute-Provence 


Q Q 
0,0 


May i4.oOU 


01 i n 
Zi .0 zt U.Z 


T (IT A ATO 
L;U IAIN u 


1 
1 


A/Tott- 1 A 070 

iviay i4.y / y 


01 OK _|_ n C\K 
Zl.Zo zt U.UO 


IN U 1 


O 

y 


May io.oo4 


01 Ki j. n in 
Zi.Oi zt U. iU 


WAT 

IN U 1 


y 


May iy.uoi 


01 QQ J- n OK 
Zi .00 zt U.Zo 


WAT 

IN U 1 


y 


A/Toit- 1 Q i qk 

May iy.ioo 


01 00 4. n m 
zi .yz zt u. iu 


MOT 
IN U 1 


y 


A/Tott- OH Q7K 

May zu.o / o 


01 qi 4. n in 

Zi .oi zt U. iU 


flAU 





A/Toit- 01 COO 

May zi.oyz 


00 no -U n n7 
zz. uy zt u.u / 


<s a n 

flAU 





A/Toit- 00 07 

May zz.y / 


00 c\a -U n n7 

ZZ. U4 zt U.U / 


VVxli 


4 


i llvl ni 01 o 
jun Ui.yiz 


oq 1 n -U n n7 
Zo. iU zt U.U / 


IN U 1 


y 




00 1 _l n 1 k. 

ZiO.-L Z1Z U.lu 


l_LO -L 


1 ^ 


Jun 5.26 


23.2 ±0.20 


KECK 


11,3 


Jun 7.879 


23.52 ±0.10 b 


NOT 


9 


Jun 7.917 


23.66 ±0.10 b 


SAO 


5 


Jun 8.991 


23.54 ±0.20 


SAO 


5 


Jun 10.928 


23.34 ±0.20 


SAO 


5 


Jun 13.966 


23.42 ±0.14 


SAO 


5 


Jun 14.9261 


23.50 ±0.25 


NOT 


9 


Jun 27.893 


23.88 ±0.16 


SAO 


5 


July 4.19 


23.95 ±0.20 


WHT 


4 


July 7.946 


24.08 ±0.20 


SAO 


5 


July 31.843 


24.54 ±0.25 


SAO 


5 



Date (UT) 


Magnitude 


Observatory 


Ref 


Aug 2.807 


24.28 ± 0.35 


SAO 


5 


Aug 14.18 


24.28 ±0.10 b 


NOT 


9 


Aug 26.90 


24.57 ±0.07 b 


WHT 


4 


Oct 9.94 


24.30 ±0.20 a 


SAO 


12 


Nov 10.04 


24.70 ±0.15 a 


SAO 


12 


Nov 25.97 


24.70 ±0.14 a 


SAO 


12 


Nov 29 


25.09 ±0.14 a 


KECK 


13 


Jan 24.87 


24.96 ±0.17 a 


SAO 


12 


Feb 22.4 


25.29 ±0.16 a 


KECK 


13 


Mar 20.5 


25.20 ±0.25 a 


WHT 


14 



"Data obtained during the rise, or after the host galaxy domi- 
nates, and excluded from the power-law fit 
''Outlier dropped from power-law fit 

References. — (f ) Castro-Tirado et al. 1998a; 
(2) Djorgovski et al. 1997; (3) Sokolov et al. 1997; (4) Galama et al. 1998; 
(5) Sokolov et al. 1998; (6) Schaefer et al. 1997; (7) this paper; 
(8) Chevalier and Iloviasky 1997; (9) Pedersen et al. 1997; 
(10) Fruchter et al. 1997; (11) Metzger et al. 1997; 
(12) Zharikov et al. 1998; (13) Bloom et al. 1998; 
(14) Castro-Tirado et al. 1998b. 



TABLE 3: R c Magnitudes for GRB 970228 



Date(UT) 


Magnitude 


Observatory 


Ref 


Feb 28.81 


20.5 ±0.5 


RAO 


1 


Feb 28.83 


01 C+07a 
Z1 '°-0.5 


BUT 


2 


Feb 28.99 


20.92 ±0.15 a 


WHT 


1 


Mar 3.10 


OQ O + 0.8 
Z/Zi.O q iy 


APO 


1 


Mar 4.86 


> 23.4 


NOT 


1 


Mar 6.32 


24.4+°'^ a 


KECK 


1 


Mar 9.90 


24.4l°i 


INT 


1 


Mar 13.00 


24.9±°1 


NTT 


1 


Mar 26.42 


25.17 ±0.13 


HST 


1 


Apr 7.23 


25.50 ±0.13 


HST 


1 


Sep 4.7 


27.00 ±0.35 


HST 


3 



"Outlier excluded from power-law fits 



References. — (1) Salama et al. 1997; (2) Giuarnieri et al. 1997 



(3) Fruchter et al. 1997 
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Fig. 1— R c band light curves of GRB 970228 (cir- 
cles, lower line) and GRB 970508 (boxes, upper line) 
and best fit power-law decays of a = 1.0 and a = 1.19, 
respectively. Points which have been excluded from 
the power-law fits are drawn as open symbols, those 
included are drawn as filled symbols. The curved line 
is the best fit to a power law plus constant, and shows 
that the host galaxy in GRB 970508 has been de- 
tected at a magnitude of R c = 25.6 ± 0.3. The de- 
cays for both GRB are statistically consistent with 
power-laws decays with a = 1.2 plus occasional small 
excursions. 



